SYNOPSIS Intracranial pressure was raised by expansion of a supratentorial subdural balloon in anaesthetized baboons. Pressures were measured at several sites, both supratentorial and infratentorial, and cerebral blood flow was measured in each cerebral hemisphere separately. Pressures recorded from the right and left lateral ventricles corresponded closely throughout. Highly significant correlations were also obtained between the pressures in the right and left subdural spaces and the mean intraventricular pressure. There was, thus, no evidence of intracompartmental pressure gradients within the supratentorial space. Pressure gradients did, however, develop between the supratentorial and infratentorial compartments in the majority of experiments, although the level of supratentorial pressure at which this occurred, varied. Despite the presence of a large mass lesion over the right cerebral hemisphere, no significant differences developed between levels of cerebral blood flow in the two hemispheres, although flow in the right hemisphere remained consistently slightly lower than that in the left after the balloon was inserted.
In previous studies cerebral blood flow was examined in different types of experimental intracranial hypertension and the pattern of blood flow changes shown to vary with the method of increasing intracranial pressure (Johnston et al., 1972 (Johnston et al., , 1973 . Attempts to relate blood flow to either intracranial pressure or cerebral perfusion pressure depend, however, on the assumption that both pressure and blood flow are relatively constant, at least within the major intracranial compartments. Doubt has recently been cast on this assumption by experimental studies showing substantial intracompartmental pressure gradients in states of raised intracranial pressure (Weinstein et al., 1968; Brock et al., 1972) . It has been suggested that significant regional variations in blood flow may result from such gradients.
Whether or not significant intracompartmental pressure gradients exist in states of raised intracranial pressure is clearly of considerable importance when attempting to establish quantitative correlations between raised intracranial pressure and its various secondary effects such as reduction of cerebral blood flow. No less is it of importance to the clinician who may be basing decisions of patient management on measurement of intracranial pressure from a single point in the neuraxis. The aim of the present study was to examine the profile of pressure changes occurring in the supratentorial and infratentorial compartments during progressive expansion of a supratentorial subdural balloon. The observed pressure changes were correlated with changes in cerebral blood flow in each of the cerebral hemispheres.
METHODS
Eight baboons, weighing between 8 5 and 15 kg, were used. Anaesthesia was induced with phencyclidine hydrochloride (10 mg intramuscularly) and thiopentone sodium (60 mg intramuscularly) and maintained with phencyclidine hydrochloride and a nitrous oxide/oxygen mixture. The animals were paralysed with suxamethonium chloride and ventilation controlled using a Starling pump delivering a tidal volume which was adjusted according to arterial blood gas and end tidal CO2 levels. The animal's temperature was maintained using a heating lamp and a continuous intravenous infusion of 0 90 saline was given. 5L H. Johnston and J. Fig. 3 . The correlations between the two subdural pressures and between each of the subdural pressures and the mean intraventricular pressure, with increasing intracranial pressure, were less good than that between the two intraventricular pressures but they were, nevertheless, highly significant.
The correlation coefficient between the (R) subdural pressure and the mean intraventricular pressure was 091 for the full series of experiments (Table 2 ). In six of the eight experiments there was, in fact, very close correspondence between these two pressures. This applied both to the timing and magnitude of the transient pressure increases with each addition of fluid to the balloon, and to the overall increase in pressure. In the remaining two experiments, however, the (R) subdural pressure increased only slightly with increasing intraventricular pressure. The (Johnston et al., 1972) .
CEREBRAL BLOOD FLOW Mean values for each cerebral hemisphere, before and after insertion of the balloon are shown in Table 1 . In all eight experiments cerebral blood flow was maintained around control levels during the initial phases of raised intracranial pressure (range 40-70 mmHg).
As the pressure was further increased blood flow fell progressively. The overall relationship between cerebral blood flow and both cerebral perfusion pressure and intracranial pressure was, therefore, similar to that described in the earlier experiments (Johnston et al., 1973) . There was no significant difference between the blood flow in the two hemispheres during control measurements, either before or after balloon insertion. Before balloon insertion, however, mean values for right hemisphere flows were slightly higher than for left hemisphere flows whereas after balloon insertion this was reversed. As the intracranial pressure was progressively increased the values for left hemisphere flow remained consistently slightly higher than for right hemisphere flow, although the difference remained slight, even at the more extreme levels of intracranial hypertension (Fig.  5) . When corresponding values of blood flow for the two cerebral hemispheres were compared for various ranges of intracranial pressure, using the paired t test, there was no significant difference between the two sides (Table 3) .
DISCUSSION
The present results clearly show an intercompartmental pressure gradient, between supratentorial and infratentorial compartments, will develop when intracranial pressure is progressively increased due to a focal expanding mass. No definite intracompartmental pressure gradients, within the supratentorial compartment, were, however, seen. There was an extremely close correspondence between the intraventricular pressure from the two hemispheres at all times and a relatively close correspondence between the pressure measured from the subdural spaces over the convexities of both cerebral hemispheres. Measurements of cerebral blood flow from each hemisphere during progressive intracranial hypertension showed a consistently slightly lower flow in the hemisphere on the side of the lesion. The differences were, however, small and statistically insignificant and did not increase with increasing intracranial pressure.
The existence of intercompartmental pressure gradients in states of raised intracranial pressure is well documented (von Bergmann, 1885; Smyth and Henderson, 1938; Kaufmann and Clark, 1970) . Such gradients may occur at two sites; between supratentorial and infratentorial compartments across the tentorium cerebelli and between infratentorial and spinal compartments across the foramen magnum. The development of these gradients seems to depend on obliteration of the subarachnoid spaces at the sites, by displacement of brain tissue. If the subarachnoid space can be reconstituted then the gradients may be reversed . It is important in this respect to distinguish cause and effect in that it is the displacement of brain tissue which gives rise to these sustained intercompartmental gradients rather than vice versa.
The situation is much less clear when intracompartmental pressure gradients are considered. There are now several reports of the development of such gradients within the supratentorial compartment during raised intracranial pressure (Weinstein et al., 1968; Brock et al., 1972) . The nature of the gradient appears to depend critically on the sites of measurement of pressures. Thus, in one study, where raised intracranial pressure followed an embolic lesion of one cerebral hemisphere a considerable pressure difference between the two sides was noted when extradural pressures were measured over the two hemispheres. The magnitude, and even the direction of these gradients was, however, quite variable (Brock et al., 1972) . Such pressure differences may simply reflect the variable transmission of pressure across the dura mater, due to the particular physical properties of that membrane and its attachment to the cranium. Other measurements, in man, at relatively low levels of intracranial pressure, have also shown that extradural pressures do not correlate exactly with intraventricular pressures (Coroneos et al., 1972) . Further, experimental studies have shown that when extradural pressures are raised by the addition of fluid to the extradural space the pressure within the space is transmitted to the underlying subarachnoid space in a variable manner . The demonstration of intracompartmental pressure gradients based on measurements of extradural pressures may, therefore, be misleading.
In contrast, an increase in intracranial pressure due to the addition of fluid to the subarachnoid space is freely transmitted throughout that space, provided it is patent. Similarly, it is probable that when intracranial pressure is raised by any means there is an immediate equalization of pressure throughout the subarachnoid space. The variability in the subdural pressures in the present study may reflect destruction of the subarachnoid space at the time of catheter insertion, particularly as those experiments in which there was greatest variability were those in which leakage of CSF occurred around the point of catheter insertion. Further, when the ventricular CSF is in free communication with the subarachnoid CSF, pressure will be uniform throughout the whole fluid system, in accordance with Pascall's law (Weinstein et al., 1968) .
A critical question, as yet unresolved, is the extent to which pressure within the subarachnoid space represents pressure within the brain tissue and related to this, the extent to which an increase in pressure within the brain substance is transmitted to the rest of the brain and to the subarachnoid and ventricular CSF. With expansion of an intracerebral balloon Weinstein et al. (1968) (Brock et al., 1972) .
These findings, both with regard to intracranial pressure and blood flow, are of importance to the clinician measuring intracranial pressure. It is clear that within each intracranial compartment measurement of pressure from one of the fluid containing spaces, subarachnoid or intraventricular, is a valid measurement and refers to the overall intracompartmental pressure irrespective of the site of the lesion. From such measurements it is, therefore, possible to draw conclusions about the level of intracranial pressure and its general effects such as reduction of cerebral blood flow, if the characteristics of the particular relationship are adequately defined. Whether clinical measurement of pressure from different compartments simultaneously has anything to offer in terms of patient management is uncertain (Kaufmann and Clark, 1970) .
In conclusion, it is apparent that the intercommunicating fluid system comprising the ventricular and subarachnoid CSF acts to distribute evenly and rapidly the intracranial pressure, even at extreme levels of pressure. When this system is blocked, however, sustained pressure gradients may develop, this applying, within the limits of the present data, to intercompartmental gradients. With sudden increases in intracranial pressure, such as that due to rapid expansion of an intracerebral mass, transient pressure gradients may develop across brain tissue which are dissipated by redistribution of the intracranial contents and communication with the fluid-containing spaces. There is, in fact, no good clinical or experimental evidence for the existence of sustained intracompartmental pressure gradients. Reservation must be made, however, with regard to extradural masses or pressures, as these would appear to be influenced by the physical properties of the dura mater and its attachment to the cranium. With an increase in intracranial pressure from any cause, cerebral blood flow is related to the level of intracranial pressure, although the characteristics of this relationship clearly depend on the nature of the increase in intracranial pressure (Johnston et al., 1972 (Johnston et al., , 1973 . In the present study, however, there was no difference in the changes in blood flow with increasing intracranial pressure between the cerebral hemisphere on the side of the lesion and the contralateral hemisphere. The clinician measuring pressure from one point in one intracranial compartment may, therefore, feel secure in drawing conclusions (from his measurements), as to the generalized effects of raised intracranial pressure, at least within that particular compartment.
